We have synthesized a series of thermally cross-linkable photoacid generators. Among them, we used bis(4-(2-(vinyloxy)ethoxy)benzene)-4-methoxybenzene sulfonium triflate and tris(4-(2-(vinyloxy)ethoxy)benzene) sulfonium triflate for two or three component photopolymers, containing a phenolic binder polymer and a cross-linkable photoacid generator. On irradiation with deep UV, the photopolymer films had sensitivities of ca. 10 ti 20 mJ/cm2. The films, especially composed of polyp-hydroxystyrene-co-styrene), 2, 2-bis(4-
Introduction
Sulfonium salts are well known as a photoacid generator(PAG) of photoresist for microlithography. They have many advantages as a PAG. They are nonvolatile and thermally stable.
They also show AX in the absorption region of 220 ~ 280 nm, and their spectral sensitivity can be altered by modifying them structurally or by using sensitizer such as perylene.
In additions, they can produce a wide variety of acids and are the only known source from which the strongest known organic acid, triflic acid, may be photogenerated. [1] [2] [3] [4] [5] [6] Refernces 7&8 previously reported that two or three component photopolymers, consisting of a Br 0 nsted acid-based binder polymer such as phenolic or carboxylic resin, vinyl ether groups and a PAG, act as positive working photoresists with high resolution. Vinyl ether groups react with hydroxyl groups of a Br q nsted acid-based binder polymer at high temperature by electrophilic addition reaction to form cross-linked networks with an acetal structure. The cross-links are cleaved acid-catalytically via protonation by photogenerated acids followed by hydrolysis to give alcohol and aldehyde.
In the present study, we report a novel ther-mally cross -link ab le PAG. These PACs have the structure of a sulfonium salt containing vinyl ether groups in side chains.
The vinyl ether group of the side chain undergoes a thermal cross-linking reaction with phenolic binder polymers in a soft bake (SB) step, thereby forming an acetal crosslinked network.
Upon irradiation with deep UV, the cross-linked PAG undergoes direct photolysis, resulting in molecular rearrangement and a reduction of molecular weight due to that, together with generation of acids.
The photogenerated acids cleave the cross-links catalytically in a postexposure bake (PEB) step, and consequently, a positiveworking photoresist is obtained after alkaline development. [9] 2. Experimental Section 2.1. Synthesis
The triarylsulfonium salts containing vinyl ether groups that we used in this study were synthesized as follows.
A mixture of phosphorus oxide and methanesulfonic acid was prepared, and then added to 4,4dihydroxyphenylsulfoxide and phenol. The reaction was completed at room temperature. After the reac-tion product was treated with ether, tris(4-hydroxyphenyl)sulfonium methanesulfonate (THPS-MS) was obtained.
The THPS-MS in DMSO were stirred together with sodium hydroxide, and then 2-chloroethyl vinyl ether (GENE) was added to obtain tris(4-(2-(vinyloary)ethoxy)benzene) sulfonium methanesulfonate(TPS-3VE-MS).
Finally, anionic moiety was exchanged with sodium triflate to offer tris(4-(2-(vinyloxy)ethoxy)benzene) sulfonium triflate(TPS-3VE-Tf).
Lithographic Evaluation
Resist films were prepared by spin-coating this photosensitive solution on bare Si wafer to give a 0.7 /1 m-thick film. The films were soft-baked and exposed to 248-nm light from a KrF excimer stepper (NA 0.45), and then postexposwe-baked. Development was done in a 2.38 weight aqueous solution of tetramethylammonium hydroxide (TMAH).
Results and Discussion
For the present study, we used TPS-3VE-Tf and bis(4-(2-(vinyloxy)ethoxy)benzene)-4-methoxybenzene sulfonium triflate (TPS-2VE-Tf) as thermally crosslinkable PAGs, respectively.
The thermal crosslinking and de-cross-linking mechanism of phenolic resin-based photopolymers containing the PAGs based on a vinyl ether functional group, is shown in Scheme 1. The insolubilization rate increases with an increase in the TPS-3VE-Tf concentration. The PHS film with 3 mol% of TPS-Tf-3VE started to become insoluble at a SB temperature of 80 °C and showed insolubilization above 90 % at 150 °C . The film with 6 mol% of TPS-Tf 3VE also began to insolubilize at 50 °C and showed nearly complete insolubilization at 90 °C . From these results, it is found that to accomplish nearly complete insolubilization under a conventional SIB temperature condition below 150 °C i s required the amount above 3 mol% of TPS-3VE-Tf.
Sensitivity curves for the PHS films containing each 3 mol% of TPS-2VE-Tf and TPS-3VE-Tf, are showed in Figure 2 .
Each film was soft-baked at 150 °C for 90 s and expos ed by a KrF excimer laser, and then postexposure-baked for another 90 s at 150 °C. The sensitivities were 8 and 18 mJ/cm2 for the films with bifunctional TPS-2VE-Tf and trifunctional TPS-3VE-Tf, respectively.
Thus, the film with the bifunctional PAG is more sensitive udder the baking conditions above.
Scanning electron micrographs of the positive patterns obtained from the PHS films with 3 mo1°/o of TPS-2VE-Tf and TPS-3VE-Tf are shown in Figure 3 . SB and PEB were done at 150 °C for 90 s, respectively.
Micrograph (a), for the film with TPS-2VE-Tf, exhibits 0.36 u in L/S with the exposure energy of 13 mJlcm2. Micrograph (b), for the film with TPS-3VE-Tf, exhibits 0.50 u m The transparency of the PHS films with 3 mol% of TPS-2VE-Tf or TPS-3VE-Tf is only 20 % for a 1 /L m thick film.
In order to improve the transparency, we should decrease the amount of the thermally cross -link ab le PAG. This would have to be replaced by thermal cross-linking agents that are transparent to deep W. Table 1 shows the sensitivities of the PHS films The transparency of the films (thickness: 1 / m) was above 50 %.
The sensitivity of the compositions was also with 10 N 20mJ/cm 2.
The pattern profiles for each composition above are exhibited in Figure 4 . Each pattern has vertical sidewalls, in spite of a remarkable T-topping profile.
In order to improve the transparency, it is also very important to decrease the acid strnength and Tg of the binder polymer, then it is possible to decrease amounts of the cross -link ab le PAG, thereby improving the transparency.
The micrographs of the resist films consisting of poly(p-hydroxystyrene-co-styrene) (P(HS/ST)), TPS-2VE-Tf, and BPA-DEVE are shown in Figure  5 . Each film on bare Si wafer was soft-baked at 140 °C for 90 s and exposed with KrF excimer laser stepper (NA 0.45), and then postexposurebaked for another 90 s at 140 °C .
Pictures, (a) The film also revealed the high sensitivity of ca. 11 mJ/cm2 ( Table 1 ).
Conclusion
We have synthesized a series of thermally crosslinkable photoacid generators.
Among them, we used TPS-2VE-Tf and TPS-3VE-Tf for two or three component photopolymers, containing a phenolic binder polymer and a thermally cross-link able PAG.
On exposure to 248 nm light, the photopolymer films revealed sensitivities of ca. 10 -20 mJ/cm2. The films, especially composed of P(HS/ST), BPA-DEVE, and TPS-2VE-Tf, showed the high sensitivity of 11 mJ/cm2 and the high resolution of 0.24 u m US under 0.45 NA KrF excimer laser stepper.
